The serotonergic dorsal raphé nucleus (DRN) is innervated by corticotropin-releasing factor (CRF)-immunoreactive fibers and contains CRF receptor-binding sites, suggesting that endogenous CRF regulates this system. The present study examined the possibility that CRF in the DRN regulates the release of serotonin (5-HT) in forebrain terminal regions. Intracerebroventricular administration of CRF produced a bimodal effect on extracellular levels of 5-HT in the lateral septum. Doses of 0.3 and 1.0 g decreased extracellular 5-HT levels, whereas both a higher (3.0 g) and a lower (0.1 g) dose had no effect. The reduction of extracellular 5-HT in the lateral septum by CRF (0. 3 g, i.c.v.) blocked the decrease in extracellular 5-HT in both the lateral septum and striatum. Taken together, these data support the hypothesis that CRF may modulate 5-HT release in terminal regions via its effects at the level of the DRN. This modulation supports a potential interaction between CRF and 5-HT in stress-related psychiatric disorders in which both systems have been implicated.
The serotonergic dorsal raphé nucleus (DRN) is innervated by corticotropin-releasing factor (CRF)-immunoreactive fibers and contains CRF receptor-binding sites, suggesting that endogenous CRF regulates this system. The present study examined the possibility that CRF in the DRN regulates the release of serotonin (5-HT) in forebrain terminal regions. Intracerebroventricular administration of CRF produced a bimodal effect on extracellular levels of 5-HT in the lateral septum. Doses of 0.3 and 1.0 g decreased extracellular 5-HT levels, whereas both a higher (3.0 g) and a lower (0.1 g) dose had no effect. The reduction of extracellular 5-HT in the lateral septum by CRF (0.3 g, i.c.v.) was blocked by pretreatment with the CRF receptor antagonist i.c.v.) . Direct administration of CRF (30 ng) into the DRN reduced extracellular 5-HT levels in the lateral septum and the striatum. Furthermore, injection of D-PheCRF 12-41 (10 ng) into the DRN before ventricular administration of CRF (0.3 g, i.c.v.) blocked the decrease in extracellular 5-HT in both the lateral septum and striatum. Taken together, these data support the hypothesis that CRF may modulate 5-HT release in terminal regions via its effects at the level of the DRN. This modulation supports a potential interaction between CRF and 5-HT in stress-related psychiatric disorders in which both systems have been implicated.
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Corticotropin-releasing factor (CRF) was initially isolated as the hypothalamic factor responsible for stimulating the release of adrenocorticotropic hormone from the anterior pituitary in response to stress (Vale et al., 1981) . Anatomical studies have identified CRF-containing cell body groups, CRF-immunoreactive fibers, CRF receptors, and CRF receptor mRNA expression in diverse brain regions that are not directly involved with endocrine aspects of stress responses (Cummings et al., 1983; Swanson et al., 1983; Sakanaka et al., 1987) or its pituitary actions (DeSouza, 1987; Potter et al., 1994; Chalmers et al., 1995; Primus et al., 1997) . The distribution of CRF fibers in neurovascular and subependymal fiber plexuses suggests a role in chemosensory functions (Ruggiero et al., 1999) . CRF has also been suggested to act as a brain neurotransmitter that mediates the autonomic and behavioral components of stress responses (Dunn and Berridge, 1990; Owens and Nemeroff, 1991; Valentino et al., 1993) . Intraventricular and intracerebral administration of CRF has been shown to affect several extrahypothalamic neurotransmitter systems (Dunn and Berridge, 1990) , such as dopamine and norepinephrine (Matsuzaki et al., 1989; Butler et al., 1990; Lavicky and Dunn, 1993) . CRF administered directly into the noradrenergic nucleus locus coeruleus (LC) increases neuronal activity (Valentino et al., 1983; Curtis et al., 1997; Page and Abercrombie, 1999) , and LC activation evoked by certain stimuli is prevented by intracoerulear administration of CRF receptor antagonists (Valentino et al., 1991; Curtis et al., 1994; Lechner et al., 1997) .
The serotonin (5-HT) neurotransmitter system is also affected by CRF. The dorsal raphé nucleus (DRN), a major source of 5-HT cell bodies projecting to forebrain areas, contains CRFimmunoreactive fibers (Swanson et al., 1983; Sakanaka et al., 1987; Kirby et al., 2000) that are organized topographically according to the rostrocaudal level of the DRN (Kirby et al., 2000) . Additionally, mRNAs for two CRF receptor subtypes (CRF-R1 and CRF-R2) and CRF receptor-binding sites are present in the DRN (DeSouza, 1987; Chalmers et al., 1995) . Recent electrophysiology studies demonstrated that relatively low doses of CRF, administered intracerebroventricularly or intra-raphé, produced predominantly inhibitory effects on the discharge rates of DRN neurons that could be attenuated by CRF receptor antagonists (Price et al., 1998; Kirby et al., 2000) . In accord, intracerebroventricular administration of CRF was shown to reduce extracellular levels of 5-HT in the striatum using in vivo microdialysis (Price et al., 1998) .
The present study demonstrated an inhibitory regulation of extracellular 5-HT levels by intracerebroventricular CRF in two terminal regions innervated by the DRN, the lateral septum, a region that has been implicated in affective disorders, and the striatum, using in vivo microdialysis. The DRN was identified as the site of action for these inhibitory effects because local infusions of CRF made directly into the DRN reproduced the effects of intracerebroventricular CRF and because intra-raphé administration of the CRF receptor antagonist D-PheCRF 12-41 blocked the effects of CRF administered intracerebroventricularly. Taken together, the results of these studies provide evidence of neuromodulatory effects of CRF within the DRN that may be responsible for the regulation of 5-HT release by stress.
MATERIALS AND METHODS
Subjects. Adult male Sprague Dawley rats (250 -300 gm; Charles River Laboratories, Wilmington, M A) were initially housed two per cage on a 12 hr light /dark schedule in a temperature-controlled (22°C) colony room. Rats were fed standard rat chow and water ad libitum. The care and use of animals were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laborator y Animals.
In vivo microdial ysis protocols. Guide cannulae were implanted in subjects that were anesthetized with sodium pentobarbital (40 mg / kg, i.p.) using a stereotaxic instrument (David Kopf, T ujunga, CA) with the nose bar set at Ϫ3.5 mm. Holes were drilled for three skull screws, a 20 gauge guide cannula for a microdialysis probe, and 22 gauge guide cannulae for intracerebroventricular or intra-raphé inf usions. A single microdialysis guide cannula was implanted at one of the following coordinates: in the striatum, Ϫ0.3 mm anteroposterior, 3.5 mm mediolateral, and 3.2 mm ventral to the brain surface; and in the lateral septum, ϩ0.7 mm anteroposterior, 0.8 mm mediolateral, and 4.0 mm ventral to the brain surface. Inf usion guide cannulae were implanted at the following coordinates as required: in the lateral ventricle, Ϫ1.0 mm anteroposterior, 1.3 mm mediolateral, and 4.5 mm ventral to the skull; and in the dorsal raphé, Ϫ7.8 mm anteroposterior, 2.8 mm mediolateral, and 5.3 mm ventral to the brain surface at a 25°angle (Paxinos and Watson, 1986) . A schematic of the sites is shown in K irby et al. (1995) . The cannulae were affixed to the skull with cranioplastic cement, and the incision was closed with wound clips.
After surgery, subjects were individually housed and allowed 1 week to recover. Rats were handled a minimum of four times before microdialysis experiments to minimize the nonspecific effects of handling during experimentation. On the day before the experiment, rats were placed into a clear polycarbonate cylindrical microdialysis apparatus (37.5 cm high) with a counterbalance arm attached to a liquid swivel and spring tether to allow free movement (Instech Laboratories, Plymouth Meeting, PA). A dialysis probe was inserted into the guide cannula aimed at either the lateral septum or striatum. Custom concentric-style dialysis probes were constructed as described previously (K irby et al., 1997; Price et al., 1998) and perf used continuously during the experiment with filtered artificial C SF (AC SF; 147 mM NaC l, 1.7 mM CaCl 2 , 0.9 mM MgC l 2 , and 4 mM KC l, pH 6.3-6.5) at a rate of 0.8 l /min using an Instech syringe pump (Instech Laboratories) through tubing inserted through the liquid swivel. Starting the following day (17-20 hr after probe insertion) dialysate samples were collected at 20 min intervals for 2 hr before ventricular or intra-raphé injections. Animals received intracerebroventricular injections of ovine CRF (oCRF; 0.1-3.0 g in 3.0 l of AC SF), rat / human CRF (r/ hCRF; 0.3-1.0 g in 3.0 l of AC SF), (3.0 g in 3.0 l of AC SF), or AC SF (3.0 l) over a 30 sec period. Animals received intra-raphé injections of oCRF (3.0 -30.0 ng in 100 nl of AC SF), (10 ng in 100 nl of AC SF), or AC SF (100 nl) over a 1 min period using tubing attached to a Hamilton syringe and an Instech syringe pump. Samples were collected at 10 min intervals for 40 -70 min after injections and then at 20 min intervals for the remainder of the experiment. Samples were collected into polypropylene microcentrif uge vials (Fisher Scientific, Pittsburgh, PA) and stored at Ϫ80°C until analysis. At the end of the experiment, 3 l of pontamine sky blue was injected through the intracerebroventricular cannula, and 200 nl of pontamine sky blue was inf used into the DRN. Animals were killed with a lethal dose of pentobarbital (100 mg / kg, i.p.), and the brains were removed, frozen in isopentane, and stored at Ϫ20°C until sectioned.
Initial experiments examined the ability of intracerebroventricular administration of various doses of oCRF (0.1-3.0 g) to alter extracellular 5-HT levels in the lateral septum. The effects were compared with those measured in the striatum that were published previously (Price et al., 1998) . To confirm that the effects of CRF were caused by actions at CRF receptors, intracerebroventricular administration of the CRF receptor antagonist D-PheCRF 12-41 administered 30 min before intracerebroventricular oCRF was used to block the effects of intracerebroventricular oCRF on lateral septum 5-HT levels. To identif y the site of action of CRF, separate groups of animals received intra-raphé inf usions of oCRF, and alterations in extracellular 5-HT were measured in either the lateral septum or striatum. In addition, the ability of intra-raphé D-PheCRF 12-41 or AC SF, inf used 9 min before intracerebroventricular oCRF, to attenuate the oCRF-induced changes in 5-HT levels in the lateral septum or the striatum was assessed. Finally, to obtain information on the activity of different forms of CRF, the effects of intracerebroventricular oCRF were compared with the effects of intracerebroventricular r/ hCRF on extracellular 5-HT levels in the lateral septum and the striatum.
Anal ysis of dial ysate samples. Dialysates were automatically injected into a Bioanalytical Systems 460 HPLC equipped with a reverse-phase 1 ϫ 100 mm ODS 3 m microbore column (C18; Bioanalytical Systems, West Lafayette, I N) by a C M A/200 Refrigerated Microsampler (C M A, Stockholm, Sweden) set to a 6.5 l injection volume. The HPLC mobile phase (0.67 mM EDTA, 0.43 mM sodium octyl sulfate, 32 mM NaH 2 PO 4 , and 11-13% acetonitrile, pH 3.7-4.0) was pumped through the column at a flow rate of 100 l /min (Kreiss et al., 1993) . The amount of 5-HT in each dialysate sample was quantified from the respective peak heights using a linear regression analysis of the peak heights obtained from a series of reference standards. The detection limit, defined as the sample amount producing a peak height twice the height of background noise, was typically 0.5 fmol. This sensitivity is more than sufficient to measure baseline levels of 5-HT without the need to add a 5-HT uptake inhibitor to the perf usion medium.
Histolog ical anal ysis. Brains were sectioned with a refrigerated cryostat and mounted on charged slides (Fisher Scientific). Sections were stained with neutral red and coverslipped for visualization of pontamine sky blue in the ventricular system and /or the DRN. The dialysis probe tract was also localized. Only rats with accurate placement of the inf usion cannulae and dialysis probe membrane in the targeted structures were used in data analysis. There were no signs of toxicity in the region of the DRN after inf usion of CRF or D-PheCRF 12-41.
Data anal ysis. Baseline values for 5-HT were corrected for individual probe recoveries. Probe recovery in vitro was measured with a standard solution of AC SF containing 5-HT (10 nM) at room temperature. The average recovery rate for 5-HT was 22 Ϯ 0.3%. Baseline levels were calculated for each rat by averaging six samples collected before treatment. Animals with a mean baseline level Ͻ1 fmol were excluded because a reduction Ͼ50% could not be detected. The 5-HT content of individual dialysate samples was expressed as a percentage of the mean of baseline samples. Mean baseline 5-HT levels were compared between groups by one-way ANOVA. The overall effect of treatment on 5-HT levels was assessed by two-way ANOVA. Comparisons between vehicle controls and CRF-or D-PheCRF 12-41 -treated animals were made using ANOVA followed by Fisher's test. The values at individual time points were compared with baseline values using a priori Fisher's test. Summed effects of treatment over the course of an experiment were measured by determining the area under the curve (AUC). AUC values were compared using a one-way ANOVA followed by Fisher's test for comparisons between control and experimental groups.
Drugs. Ovine CRF, rat / human CRF, and D-PheCRF 12-41 were generously supplied by Dr. Jean Rivier of the C layton Foundation Laboratories for Peptide Biology (The Salk Institute, La Jolla, CA). The peptides were dissolved in water to make a 1.0 mg /ml solution. Aliquots of this solution (10 l) were concentrated using a Savant Speed Vac concentrator. The resulting 10 g aliquots were stored at Ϫ80°C and dissolved in AC SF on the day of the experiment.
RESULTS

Basal extracellular 5-HT levels in the lateral septum and striatum
The mean baseline dialysate level of 5-HT in the lateral septum across all treatment groups was 3.42 Ϯ 0.16 fmol/6.5 l sample (n ϭ 119 rats). The mean baseline dialysate level of 5-HT in the striatum across all treatment groups was 3.42 Ϯ 0.36 fmol/6.5 l sample (n ϭ 37 rats). Values for individual groups are provided in the figure captions. There were no significant differences in baseline levels between experimental groups for individual experiments.
Effects of intracerebroventricular CRF on extracellular 5-HT levels
Administration of CRF (0.1-3.0 g, i.c.v.) reduced extracellular levels of 5-HT in the lateral septum (Fig. 1) , but the effects were dose dependent according to a bimodal dose-response curve. An overall two-way ANOVA indicated significant effects of dose [F (4,26) Figure 2 . In contrast, CRF decreased lateral septum 5-HT levels when administered after vehicle pretreatment, as shown previously (Fig. 1) . D-PheCRF 12-41 did not significantly alter 5-HT levels when administered before the vehicle treatment. An overall two-way ANOVA indicated a significant effect of time [F (11,275) 
Effects of intra-raphé administration of CRF on extracellular 5-HT levels
Infusion of CRF directly into the DRN decreased dialysate levels of 5-HT in both the lateral septum (Fig. 3 ) and the striatum (Fig.  4) . Intra-raphé CRF (3 and 30 ng) produced a significant change of 5-HT levels in the lateral septum (Fig. 3A ). An overall two-way ANOVA (0 -120 min) demonstrated significant effects of dose [F (2,17) ϭ 3.72; p Ͻ 0.05] and time [F (9,153) ϭ 2.02; p Ͻ 0.05] but no significant interaction [F (18,153) ϭ 1.09; NS]. Extracellular 5-HT levels were significantly reduced from 10 to 60 min after injection at the 30 ng dose. This decrease started within the first 10 min after injection and reached a nadir at 44 Ϯ 15% of baseline values 20 min after injection. Administration of 3 ng of CRF decreased 5-HT levels to a nadir at 39 Ϯ 9% of baseline values 40 min after injection, whereas injection of vehicle into the dorsal raphé did not significantly alter lateral septum 5-HT levels (Fig. 3A) . As seen in Figure 3B , CRF infusions outside of the DRN did not significantly affect lateral septum 5-HT levels [F (3,84) the DRN. Infusions within the DRN were localized to the dorsal portion of the nucleus, whereas misses were located around the cerebral aqueduct within the central gray.
In the striatum, intra-raphé CRF administration (3 and 30 ng) resulted in an overall significant change in 5-HT levels (0 -120 min; Fig. 4 A) . An overall two-way ANOVA (0 -120 min) demonstrated significant effects of dose [F (2,12) ϭ 4.28; p Ͻ 0.05] and time [F (8,96) ϭ 2.10; p Ͻ 0.05] but no significant interaction [F (16,96) ϭ 1.71; NS]. After the 30 ng dose, 5-HT levels were significantly reduced 10 -40 min and again 100 -140 min after injection. As in the lateral septum, this decrease began almost immediately after the injection and reached a nadir at 52 Ϯ 8% of baseline values 30 min after injection. Extracellular 5-HT levels were reduced to a nadir of 50 Ϯ 15% of baseline values 30 min after intra-raphé administration of 3 ng of CRF, whereas infusion of vehicle did not significantly alter extracellular 5-HT levels in the striatum. Figure 4 B demonstrates that CRF infusions into areas outside of the DRN did not significantly affect extracellular 5-HT levels in the striatum [F (8,64) ϭ 1.37; NS]. Figure 4C shows the location of infusions both within the DRN and in areas considered misses at a rostral level (left), intermediate level (middle), and caudal level (right) of the DRN. The majority of infusions within the DRN were localized to the dorsal portion of the nucleus, whereas three infusions were made into the lateral wings of the DRN. Infusions outside of the DRN were made into the central gray adjacent to the cerebral aqueduct.
Effects of intra-raphé administration of a CRF receptor antagonist on extracellular 5-HT levels
Pretreatment with the CRF receptor antagonist D-PheCRF 12-41 (10 ng), but not vehicle, infused directly into the DRN significantly attenuated the effects of intracerebroventricular CRF administration (0.3 g) on extracellular levels of 5-HT in the lateral septum (Fig. 5A ). An overall two-way ANOVA revealed a significant effect of treatment [F (2,15) ϭ 7.81; p Ͻ 0.01] but no significant effect of time [F (11,165) ϭ 1.67; NS] and no significant treatment ϫ time interaction [F (22,165) ϭ 0.87; NS]. When administered before the vehicle treatment, D-PheCRF 12-41 did not significantly alter 5-HT levels. In contrast, intracerebroventricular administration of CRF resulted in a reduction of lateral septum 5-HT levels when administered after vehicle pretreatment. Figure 5B uses AUC values to summarize the attenuation of CRF-induced reductions in lateral septum 5-HT levels by pretreatment with intra-raphé . AUC values for subjects that received pretreatment with D-PheCRF 12-41 followed by CRF treatment were significantly different from AUC values for subjects that received vehicle treatment followed by CRF treatment [F (2,15) ϭ 9.93; p Ͻ 0.01]. Figure 5C 
Comparison of the effects of different forms of CRF on extracellular 5-HT levels
As shown in Figure 7A , a significant decrease in lateral septum 5-HT was produced after intracerebroventricular treatment with 0.3 and 1.0 g of oCRF, whereas no significant alterations were seen after 0.3 or 1.0 g of r/hCRF given intracerebroventricularly. An overall two-way ANOVA revealed significant effects of treatment [F (3,20) ϭ 4.21; p Ͻ 0.05] and time [F (11,220) ϭ 2.48; p Ͻ 0.01] but no significant interaction [F (33,220) ϭ 1.37; NS] in the lateral septum. AUC values for subjects that received oCRF were significantly different from AUC values for subjects that received r/hCRF at both the 0.3 g ( p Ͻ 0.05) and 1.0 g ( p Ͻ 0.05) doses, as demonstrated in Figure 7B .
A significant decrease of 5-HT in the striatum was produced after treatment with 0.3 g of oCRF, whereas no significant alterations were seen after 0.3 or 1.0 g of r/hCRF as demonstrated in Figure 7C . In the striatum, an overall two-way ANOVA revealed significant effects of treatment [F (3,21) ϭ 5.25; p Ͻ 0.01] and a significant interaction [F (33,231) ϭ 1.99; p Ͻ 0.01] but no effect of time [F (11,231) ϭ 0.409; NS]. As shown in Figure 7D , AUC values for subjects that received oCRF were significantly different from AUC values for subjects that received r/hCRF at the 1.0 g ( p Ͻ 0.05) dose but not the 0.3 g dose.
DISCUSSION
Regulation of extracellular 5-HT levels by CRF
The localization of CRF innervation and CRF receptors to the DRN in rat (Swanson et al., 1983; Sakanaka et al., 1987; Potter et al., 1994; Chalmers et al., 1995; Kirby et al., 2000) and human (Ruggiero et al., 1999) brain has led to the speculation that CRF modulates the activity of the 5-HT system. Previous attempts to demonstrate effects of CRF on measures of 5-HT function using tissue content or turnover yielded variable results (Van Loon et al., 1982; Dunn and Berridge, 1987; Singh et al., 1991 ; Lavicky and Dunn, 1993) . However, these studies used relatively indirect and unreliable measures of 5-HT activity. To provide a more direct measure of extracellular 5-HT that reflects neuronal activity, the present study used an in vivo microdialysis procedure sufficiently sensitive to measure reductions from baseline levels of 5-HT without the addition of a reuptake inhibitor in the perfusion fluid.
The present study quantified the effects of intracerebroventricular CRF on extracellular 5-HT levels in the lateral septum. A bimodal dose-response curve was measured, because only low doses of CRF (0.1-1.0 g) reduced extracellular 5-HT levels, an effect that was similar to the effects on striatal 5-HT produced by a similar treatment (Price et al., 1998) . The common effect of CRF in the two different regions, both terminal regions of the DRN, implicates the DRN as the likely site of action. In contrast to the previous findings in the striatum where a higher dose of CRF increased 5-HT levels (Price et al., 1998) , intracerebroventricular administration of a higher dose of CRF (3.0 g) did not increase 5-HT levels in the lateral septum. The excitatory effects of CRF in the striatum may result from its action on presynaptic heteroreceptors that may alter 5-HT levels indirectly via another neurotransmitter system.
The inhibitory effects of CRF on extracellular 5-HT levels in the lateral septum and the striatum agree with recent in vivo electrophysiological recordings of DRN neurons (Price et al., 1998; Kirby et al., 2000) . These studies revealed predominantly inhibitory effects on DRN discharge rates after low doses of CRF, administered either intracerebroventricularly or intra-raphé. Also, a diminished effect was found at higher doses paralleling the pattern of the microdialysis results. Thus, in vivo microdialysis and in vivo electrophysiological studies support a functional interaction between CRF and DRN neuronal activity. In contrast, a study of CRF effects on DRN neurons in vitro reported excitatory effects on a small subpopulation (27%) of neurons located in the ventral portion of the caudal DRN (Lowry et al., 2000) . Differences between CRF effects in vitro and in vivo microdialysis and electrophysiology studies may be related to the region of the DRN studied; the study by Lowry et al. (2000) used tissue caudal to the region of the DRN examined in this study. Alternatively, the loss of inhibitory afferents in the slice preparation could also account for these differences.
Although some previous studies used r/hCRF instead of oCRF, this study is one of the few that compared exogenous administration of oCRF with r/hCRF directly by measuring the effects of intracerebroventricularly administered oCRF or r/hCRF on 5-HT levels in the lateral septum and striatum. The two forms of CRF are 83% homologous (Eckart et al., 1999) , but oCRF is more potent at CRF-R1 than at CRF-R2, whereas r/hCRF has a high affinity for both CRF-R1 and CRF-R2 (Sutton et al., 1985; DeSouza, 1987; Lovenberg et al., 1995; Primus et al., 1997) . In addition, r/hCRF has a much higher binding affinity for the CRF-binding protein than does oCRF (Eckart et al., 1999) . This study demonstrated a lack of efficacy of r/hCRF on extracellular levels of 5-HT in the lateral septum or the striatum, consistent with the findings of Linthorst et al. (1997) in the hippocampus. Such findings could be attributed to relatively decreased bioavailability of r/hCRF as a result of the activity of the CRF-binding protein. Alternatively, it is possible that CRF-R1 and CRF-R2 mediate neuronal inhibition and excitation, respectively. A recent electrophysiological study suggests that CRF-R1 is preferentially responsible for mediating the reduction in serotonergic neuronal firing after oCRF administration (Kirby et al., 2000) . Recent ultrastructural data indicate that CRF-immunoreactive fibers form both symmetric (inhibitory-type) and asymmetric (excitatory-type) synapses in the DRN (Liouterman et al., 1999) . Because r/hCRF, but not oCRF, has a high affinity for both CRF receptor subtypes, the net result of r/hCRF on extracellular 5-HT levels in the terminal regions examined may be cancelled out.
Localization of the effects of CRF to the DRN
This study demonstrates that an important site of CRF regulation of 5-HT transmission can be localized to 5-HT-containing cells in the DRN. Infusion of CRF directly into the DRN, at doses 10-to 100-fold lower than the effective intracerebroventricular doses, produced similar reductions in extracellular 5-HT in both the lateral septum and striatum. Internal controls suggest that the decreases in extracellular 5-HT were caused by an effect of CRF within the DRN because injections outside of the DRN had no effect on 5-HT levels although the infusion sites were adjacent to the cerebral aqueduct and cannulae for some of the infusions were placed such that they actually penetrated the cerebral aqueduct. In addition, the lowest dose of CRF given intracerebroventricularly in this study (0.1 g) had no effect on extracellular 5-HT levels in the lateral septum although it is over threefold greater than the largest dose of CRF infused into the DRN (30 ng).
The CRF-induced decrease of extracellular 5-HT levels in the lateral septum was blocked by pretreatment with D-PheCRF 12-41 , a CRF receptor antagonist with high affinity for both CRF-R1 and CRF-R2. The ability of intra-raphé administration of to block the effects of intracerebroventricular CRF confirmed that the effects of CRF on extracellular 5-HT in the lateral septum and striatum are caused by interactions within the DRN. Although CRF-containing neurons densely innervate the DRN (Kirby et al., 2000; Lowry et al., 2000) , it is not clear whether CRF receptors are directly on 5-HT neurons or act indirectly by altering the activity of afferent neurons. Neurotoxininduced selective lesions of 5-HT neurons diminish a significant portion of CRF-binding sites in the DRN, supporting possible direct and indirect modulation of 5-HT transmission by CRF in the DRN (R. J. Valentino, personal communication) .
CRF and the effects of stress on extracellular 5-HT levels
The lateral septum is associated with emotional expression of fear and anxiety (Thomas, 1988) , the striatum is associated with movement and some aspects of cognition (Afifi, 1994) , and both regions receive prominent 5-HT innervation from the DRN (Jacobs and Azmitia, 1992). Taken together with reports of CRF receptors and immunoreactive fibers in the DRN (Swanson et al., 1983; Sakanaka et al., 1987; Chalmers et al., 1995; Kirby et al., 2000) and inhibitory effects of CRF on 5-HT neuronal firing (Price et al., 1998; Kirby et al., 2000) , the present findings support the hypothesis that CRF acts as a neurotransmitter in the DRN to regulate the release of 5-HT in the striatum and lateral septum (Jacobs and Azmitia, 1992) and probably other forebrain regions. Functionally, CRF mechanisms within the DRN may mediate the effects of stress on the 5-HT system (Chaouloff, 1993) . Several physiological conditions have been shown to both decrease extracellular 5-HT levels in specific forebrain regions and elicit increases in CRF levels, including acute withdrawal from chronic cocaine administration (Parsons et al., 1995; Sarnyai et al., 1995) , withdrawal from chronic ethanol administration (Menzaghi et al., 1994; Weiss et al., 1996) , and acute administration of insulin (Plotsky, 1985; Orosco and Nicolaidis, 1994) . Forced-swimming
